The stellar distribution derived from an H and K S -band survey of the central region of our Galaxy is compared with the Fe XXV Kα (6.7 keV) line intensity observed with the Suzaku satellite. The survey is for the Galactic coordinates |l| < ∼ 3
Introduction
The Galactic center diffuse X-rays (GCDX) were found as a flux peak having strong emission lines around 6.7 keV with a spatial width of ∼ 1
• (Koyama et al. 1989) in the Galactic ridge X-ray emission (GRXE). The emission was resolved into three lines at 6.4, 6.7, and 7.0 keV arising from neutral, Helike, and H-like iron (Koyama et al. 1996) , respectively. The 6.7 keV Kα line from He-like iron (Fe XXV) is regarded as a pure thin thermal plasma component, and its spatial distribution has been studied by Uchiyama et al. (2011) . The spatial profile in the GRXE region (|l| > 1.
• 5) was well fitted by a stellar mass distribution model, but the profile in the GCDX region (0.
• 2 < |l| < 1.
• 5)
showed fourfold excess. Uchiyama et al. (2011) therefore concluded that the Fe XXV Kα line in the GCDX could not be explained in the same way as the GRXE. The GRXE seems to be dominated by faint X-ray point sources such as coronally active binaries (ABs) and cataclysmic variables (CVs) Revnivtsev et al. 2009; Yuasa et al. 2012) . These sources belong to the old ( > ∼ Gyr) stellar population, and their X-ray luminosity function normalized to the stellar mass is not expected to vary significantly across the Galaxy ). Uchiyama et al. (2011) compared the spatial profile of the Fe XXV Kα line with the stellar mass distribution of the nuclear bulge (NB) of the Galaxy, following Muno et al. (2006) ; they both employed the elaborate stellar mass distribution model of the NB (distance from the Galactic center R < ∼ 300pc or |l| < ∼ 2 • ) by Philipp et al. (1999) , Mezger et al. (1999) , and Launhardt et al. (2002) , together with additional information about the more extended part of the Galactic bulge (GB; R < ∼ 3kpc or |l| < ∼ 20 • ) and disk (Kent et al. 1991 ). The NB model is an empirical 3-D axisymmetric model consisting of a spherical nuclear stellar cluster and a nuclear stellar disk. It is mainly based on the COBE 4.9 µm surface brightness map with an angular resolution of 0.
• 7. Since the NB is unresolved in Galactic latitude, the scale height of warm dust derived from IRAS data was substituted for the stellar disk. Uchiyama et al. (2011) and Muno et al. (2006) in turn integrated the NB (and GB) model along the line of sight toward the Galactic center while tuning the relative weight of each component, and compared these model surface densities with the observed surface density of the Fe XXV Kα line. Muno et al. (2006) , however, estimated the overall uncertainty in building this model to be as large as 50%.
Here we take another approach to this problem: directly comparing the observed surface density of the Fe XXV Kα line with the observed (and extinction-corrected) stellar number density N(l,b)
in the K S band, without making use of of any models for the NB or GB. Since the NB and GB are highly concentrated 1 toward the Galactic center, the line of sight depth can be neglected, to 0th order. Therefore, all the stars, as well as the Fe XXV Kα emission, can be considered to be located at a distance of 8 kpc. Then the absolute magnitude M K S and extinction-corrected apparent magnitude K S,0 of stars are related simply by M K S + 14.52 = K S,0 , where 14.52 is the distance modulus. We aim to probe the (l, b) distribution of the old population to which the faint X-ray point sources belong, by counting stars more luminous than M K S or, equivalently, brighter than the apparent magnitude K S,0 . As a first assumption, if we set the limiting magnitude to be reasonably faint, we will be able to detect a representative old red giant population and the derived (l, b) distribution N(K S,0 ; l, b) should be similar to that of faint X-ray point sources. The earliest and faintest M giants have M K S = −4.14 (Wainscoat et al. 1992) . We thus require a corresponding limiting magnitude of K S,0 ∼10.4. If we cannot set the limiting magnitude faint enough, we will end up detecting only supergiants and other younger stars, whose spatial distribution can be very different. In this Paper, employing large-scale near-infrared survey data with faint limiting magnitudes, we derive the number density map of stars to the extinction-corrected magnitude K S,0 deep enough to detect the old red giant population, and estimate the (l, b) distribution of faint X-ray point sources.
Observation and Data Analysis
The central region of our Galaxy |l| < ∼ 3
• .0 and |b| < ∼ 1 • .0 (equivalent to 0.8 kpc × 0.3 kpc for R 0 = 8 kpc) was observed (Nishiyama et al. 2006 ) using the near-infrared camera SIRIUS (Simultaneous Infrared Imager for Unbiased Survey; Nagashima et al. 1999; Nagayama et al. 2003) on the 1.4m
IRSF telescope. The SIRIUS camera provides J (1.25 µm), H (1.63 µm), and K S (2.14 µm) images simultaneously, with a field of view of 7 ′ .7 × 7 ′ .7 and a pixel scale of 0 ′′ .45. The typical seeing was 1 ′′ .2 FWHM, and the averages of the 10-σ limiting magnitudes were J = 17.1, H = 16.6, and K S = 15.6. We will employ only the H and K S data because of heavy extinction toward the Galactic center.
We choose stars near the Galactic center, and derive their extinction-free magnitudes from (Wainscoat et al. 1992) show that the majority of detected stars are near the Galactic center and reddened to the color corresponding to H − K S > ∼ 0.5. Therefore, the stars near the Galactic center are selected by eye in the CMDs, and then their K S magnitudes were corrected for extinction. The threshold of H − K S was 0.7 for the region shown in Figure 1 . Thus we obtain the line-of-sight extinction A(K S ) and extinction-corrected magnitude K S,0 of each star.
There has been considerable work carried out on the near-IR extinction in the Galactic bulge.
Some of the work indicates that the wavelength dependence of near-IR extinction varies sufficiently from one line of sight to another that the use of a single extinction law can lead to an incorrect stellar distribution. Nataf et al. (2013) derived I-band extinction laws as a function of two colors of (J − K S ) and (V − I), and concluded that the conversion from reddening to extinction cannot be done accurately with a single law. Chen et al. (2013) found large variations in extinction over angular scales as small as 15 ′ × 15 ′ . Furthermore, they found 'grayer' extinction coefficient A λ /A K S toward the inner Galaxy, where λ is the Spitzer IRAC bands of 3.6, 4.5, 5.8, and 8.0µm. We have checked the impact of such a variation, assuming that the H-band extinction coefficient changes as much as the 3.6µm coefficient. While the variation in A 3.6 /A K S over the central several degrees of longitude seems one percent at most (see their Fig.24 (a)), this variation affects the dereddening procedure and leads to a several percent change in the number count. Thus we should be careful if we discuss more subtle differences.
We set the limiting magnitude K S,0 = 10.5, and plotted the stellar number density profile N(10.5; l, b). This corresponds to the absolute magnitude of M K S = −4.0, which includes all Mtype giants at the Galactic center. They are numerous enough (nearly two orders of magnitude more than young supergiants in the Wainscoat et al. (1992) model) to probe the old stellar population, and we therefore assume that N(10.5; l, b) traces adequately the spatial distribution of faint X-ray point sources. In fact, Nishiyama et al. (2013) use a synthetic CMD computation (Aparicio & Gallart 2004) to estimate the fraction of the stars brighter than K S,0 = 10.5 for several different models of star forming history; they found that these bright stars trace the spatial distribution of the faint old stars very well, even in a conservative case.
Since our 10-σ limiting magnitudes are (H, K S ) = (16.6, 15.6) and the extinction is A(K S ) ∼ 2 − 3.5 mag even for the Galactic center itself (Schödel et al. 2010 , the 40 ′′ × 40 ′′ region around Sgr A * ), we can assume that our star list is nearly complete to the extinction-corrected magnitude K S,0 = 10.5 over almost all the regions near the Galactic center.
First, we examine this assumption. We construct an extinction-free map of the stellar number density N(10.5;l,b) with a 1 ′ resolution in Figure 2 (a). Using these bright stars of K S,0 < 10.5, we can estimate the average extinction towards these stars at a resolution of 1 ′ as well. We can check if the extinction derived in this way is consistent with the extinction A(K S,Spitzer ) derived from Spitzer/IRAC observation between 3.6 and 8.0 µm (Schultheis et al. 2009 ). Since the Spitzer/IRAC extinction values were derived from longer wavelength observations, they tend to represent the line-of-sight extinction to the Galactic center better in more reddened regions. The comparison of these extinction values in Figure 3 indicates that our estimates agree very well with those from Spitzer/IRAC up to the extinction of A(K S,Spitzer ) ∼ 3. In some of the more reddened regions, however, our extinction is smaller than Spitzer/IRAC. Therefore, we mark the map pixels whose A(K S,Spitzer ) > 3 by gray squares in Second, we estimate the effect of confusion on finding stars. The stellar density increases by a factor of ∼ 5 from the outer part of our data to the central 0 • .1. We computed the completeness of finding stars over the entire field. We added artificial sources of K S = 12.5 to the SIRIUS images, and examined the recovery rate of these sources (see also Hatano et al. 2013) . It is generally quite high ∼ 97% in the outer part, but drops to ∼ 92% in the center. Therefore, the stellar number density is slightly underestimated in the central part, and this distorts the profile slightly. We will correct for 2 One region of 20 ′ × 20 ′ consists of nine 7 ′ × 7 ′ sub-regions, but the very central sub-region is so crowded with the stars belonging to the central-parsec cluster, we did not derive the stellar density reliably. See Nishiyama et al. (2013) .
Results and Discussion
The stellar number density distribution is compared with that of the Fe XXV Kα line obtained with the X-ray Imaging Spectrometer onboard the Suzaku satellite reported in Uchiyama et al. (2011) . We will use the new coordinates whose origin is at Sgr A * , (l * , b * ) = (l + 0 • .056, b + 0 • .046), following Uchiyama et al. (2011) . The Fe XXV Kα intensity shows several tens of percent excess on the positive l * side (east) in comparison with the negative side (west) near the center 0 Koyama et al. 2007; Koyama et al. 2009; Uchiyama et al. 2011 ). This asymmetry was also pointed out in the number of X-ray stars by Muno et al. (2009) . They suggest that the excess is due to young massive stars associated with the high activity of star formation in the positive l * part. In contrast, our measurement of the near-infrared stellar number density shows no significant asymmetry, as shown in Figure 4 (b). Here we compare the Fe XXV Kα intensity and the near-infrared stellar number density on the negative l * side where the former increases towards the center at a slower rate.
The number density N(l * , b * ) in the same rectangular bins as Uchiyama et al. (2011) ,
2) for the longitude distribution is plotted in Figure 4 (a), and (∆l * , ∆b * ) = (0 • .2, 0 • .1) for the latitude distribution, is in Figure 4 (b). The center of each rectangle is given as
where n is a non-zero integer. The number density in each rectangular bin corresponds to the average in the unmasked 1 ′ × 1 ′ pixels shown in Figure 2(b) , and the averaged location of them is also calculated for that specified rectangle. In Figure 4 (a) and (b), we normalize the stellar number density so that the ordinates agree in the GRXE region (1 
, and the increase of the Fe XXV Kα line intensity in Uchiyama et al. (2011) does as |l * | −0.44±0.02 . The difference in these indices are independent of the region we choose for the normalization. Therefore, the Fe XXV Kα line is likely to originate from emitters with different spatial distribution from the old population.
Our excess estimate is ∼ 2 at l * = −0 • .1, but Uchiyama et al. (2011) concluded that the emissivity in the NB must be higher by a factor of 3.8 ± 0.3 than that in the GRXE when fitted with stellar mass distribution models. If we look at their 7 of Heard and Warwick 2013), the stellar mass distribution curve based mainly on Launhardt et al. (2002) seems to be very flat compared with the Fe XXV Kα distribution, especially in the range of
The stellar mass model assumes a nuclear stellar disk whose radius is about 150 pc, and the projected surface density is rather flat. In contrast, our stellar number density increases gradually toward the center. Its increase from l = 0
• .7 to l = 0 • .1 is about 1.4 times that of the flatter mass model by Launhardt et al. (2002) . This difference in the stellar number density profile likely explains part of the large emissivity difference derived from our analysis and that of Uchiyama et al. (2011) . Also, we have normalized the infrared/X-ray ratio in the range of 1
with a slightly greater value than Uchiyama et al. (2011) because we have not included lower X-ray intensities around l = 8 • in Fig. 4 of Uchiyama et al. (Data by Yamauchi et al. 2009 ). This leads to slightly smaller value in the current estimate than 3.8 in Uchiyama et al. (2011) .
Another remarkable feature of Figure 4 (a) is the apparent change in these slopes around l * = 0
• .8 both in N(10.5; l * , b * ) and the Fe XXV Kα line intensity. Within this Galactic longitude, the nuclear disk component is dominant in the stellar mass distribution model of the NB (Launhardt et al. 2002) . This indicates that the Fe XXV Kα line excess is related to the nuclear disk, and more concentrated to the center than its usual stellar component.
Finally, we discuss the possible systematic errors of the measured stellar number density. Although we corrected for the change in star-finding completeness and adopted the larger N(10.5; l * , b * ) derived from brighter stars of K S,0 < 8.0, the data point at l * = −0 • .1 shows a slight downward shift from the straight line in Figure 4 (a). To be conservative, we tried fitting without this data point, and obtained −0.36 ± 0.03 as the index of stellar number density distribution. When the point at l * = −0 • .1 is excluded, the index of the Fe XXV Kα distribution is −0.47 ± 0.03. Thus even with these exclusions, the slopes seem to be different.
Thus, the diffuse X-ray emission characterized by the Fe XXV Kα lines in the range of |l * | < ∼ 3.
• 0 and |b * | < ∼ 1.
• 0 most likely arises from 1) a point-source component which is detected as old red giants in our infrared survey and extends to the outer part of the GB, and 2) a more concentrated component which becomes prominent inside |l * | ≤ 0.
• 8. The second component might be related to the NB of the Galaxy, where active star formation takes place (see, e.g., Matsunaga et al. 2011 ).
Supernova explosions of newly born stars might be able to provide hot plasma, but the confinement of such plasma is another difficult problem, which was discussed in Nishiyama et al. (2013) . and reaches ∼ 2 at l * = −0
• .1 when normalized in the Galactic ridge. Therefore, we conclude that the diffuse X-ray emission in the Galactic Center region cannot be explained solely by a population of unresolved point-sources that is related to the old stellar population.
